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(54) Magnetic recording medium 



(57) A magnetic recording medium 
having a thin layer of a metal or metal 
alloy, e.g. Co, on a non-magnetic base, 
e.g. plastics film is characterized in 
that on one or both surfacesof the 
medium is coated a solution in an 
organic solvent of an irradiation 
polymerisabie material comprising a 
polymer containing at least one 
unsaturated bond, the coating is dried 
and radiation, e.g. electron beam or 



ultraviolet, is applied. The coating 
thickness should be less man 0.5 am. 
A lubricant may be incorporated in or 
on the cross-linked coating. 

The polymer preferably contains 
more than one C=C bond, e.g. an 
unsaturated polyester, polyacrylate or 
polycarbonate and is typically a 
urethane acrylate. The material may 
also contain a C=C unsaturated 
monomer, e.g. acrylic acid or styrene, 
and/or a UV sensitizer. 

The coating(s) improve the running 
properties and abrasion resistance. 
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SPECIFICATION 
Magnetic recording medium 



IViafcJIiVLifcr a 

characteristics. , •;„„ mB rf[ a are of the coated type and are produced by 

Most conventional magnetic recording m^ia are o^Tnooo ™ Q Co . doped y-Fe& 3 , 
disperses particles of magnetic oxides oH^aflnje • ^ into an organic binder 

Fe 3 0 4 . Co-doped Fe 3 0 4 . a Berthollide compound of ^^3 ien9 4 copolym l r , and epoxy resin or a 

10 p fee^^ 

^.th recent Oman's for nighe^ 

recording media of the thin ^J^^^^Ssuch as vacuum deposition, sputtering or 

1 5 r P Sg^ p,ating - Various efforts are be,n9 

magnetization as the magnetic m °^'-£ *^ magnetic record.ng 

20 rx^^^ 
^^^^^ 

electro-to-magnetic conversion ch **f**^?% cor 4s m media have their own problems: (1 > high friction 25 

^reS^n^ 
30 tempts have been made to overcome these problems by forming a protective layer on the 

magnetic recording medium of thin metal ™^ typ*. 75001/75 (the term OPI as used 

One proposal is set out In Japanese patent f^^^ 1 ^^ B tMn lubricant layer is 
herein meansVn unexamined published Japanese ^""PPg^^een the magnetic head or 

fo^ed.on.the.rnetalfilm ■ Perthisj»o^^^^ 35_ 

35 guide poles and the metal film Is reduced so *^~rf ™ B atedlv Another proposal occurs in Japanese 
ftwever. these advantages ^^^^SSSnSSSi 53W lubricant layer of a metal or 
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£££ *™ advantages ™~ffi™j£gftfiE?i P^te«iveTubrfcant layer of a metal or 
Patent Applications (OPI) Nos ? 970 f^|, m n ^°^ e %veTi n This case the effect of the protectee 

40 m -Serr P ^oc. 

overcoat of a high molecular we,ght film having ■ *"SS3?m rSduead ou£ut in high density recording, 
however, this results in a ™ supP ° rtetS ° n -5 ^ 

To achieve hlQhdensity.rBCO^^m^w^*^^ described above provides a 

"^b^of the presenting 

50 conversion characteristics, and to P? W ^W^£Z&? B magnetic recording medium of the thin 

Another object of the present mventton ^^f^ "^tettncefor en extended period of arm. 
metal film type that retains good running properties ana wear 

and to provide a process for J^^*^"^ we have found that a magnetic recording medium 
As a result of research to achieve ™" ?*£™V^„ rtc aversion characteristics, good 
55 of the thin metal film type ^^^^S^^nZ*** period of time, can be 

p Su"cS^ 

6 %, a t,n^r r =S=^ 

Lps and requires no effluent ^^^ortafi^rS co'nlenses on the surface of a substrate; 
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vapor phase plating. . . 

The magnetic recording layer of the present Invention Is a thin film that is formed by vapor 
deposition or plating of a ferromagnetic metal such as iron, cobalt or nickel, or a ferromagnetic alloy 
such as Fe-Co, Fe-Ni, Co-Ni r Fe-SI, Fe-Rh, Co-P, Co-B, Co-Si, Co-V, Co-Y , Co-U, Co-Ce^ Co-Pr, Co-Sm, 
5 Co-Pt, Co-Mn, Fe-Co-Ni, Co-Ni-P, Co-Ni-B, Co-No-Ag, Co-Ni-Na, Co-Ni-Ce, Co-Ni-Zn, Co-Nt^u, Co-N.- 
W, Co-Ni-Re or Co-Sm-Cu. The thickness of the layer in a magnetic recording medium Is preferably in 

the range of 0.05 to 2 /urn, more preferably 0. 1 to 0.4 ,am. 

The material that forms a coating on either the thin magnetic metal film, or the surface of the non 
magnetic base opposite the thin magnetic metal film, or both, is a polymer having unsaturated bonds 
1 0 that are polymerizable by radiation. Preferred types of radiation include electron beams and ultraviolet 
rays. If electron beams are used, preferred polymers are such that they form a continuous coating by 
crossiinking upon irradiation with an absorbed dose of 2 to 1 0 megarads at an acceleration voltage of 
100to300kilovolts. „ , f _ _ . * 

Suitable examples of such polymers are those compounds preferably containing more than one 
1 5 carbon-carbon unsaturated bond, such as those containing one or more acryloyl groups, acrylamido 
groups ally! groups, vinyl ether groups or vinyl thio-ether groups as well as unsaturated polyesters. 

Particularly preferred compounds are unsaturated polyesters, unsaturated polyacrylates and 
unsaturated polycarbonates having a molecular weight of 1 ,000 to 20,000 as determined by the GPC 
method; such compounds are cited in A. Vrancken, "Fatipec Congress", 1 /,page 19 (1972). The 
20 polymer compositions may further contain a monomer having at least one carbon-carbon unsaturated 
bond in the molecule in a proportion of 1/9 to 9/1 by weight relative to the polymer and/or an organic 
solvent in an amount of solvent of less than 1 0% by weight relative to the polymer. Examples of such 
monomers include acrylic acid, methyl acrylate, styrene, acrylonltrile, vinyl acetate, and homologues 
thereof. Two or more unsaturated bonds may be present in the molecule. Examples of such compounds 
25 are disclosed In "Kankosei Jushl Data-shu (A List of Data on Photosensitive Resins) , published by Sogo 25 
Kagaku Kenkyosho, Japan, December 1 968, p.p. 235—236. . ... , _ u i 

Particularly preferred compounds are ethylene diacrylate. glycerol dtacrylate, pentaerytnntol 
tetracrylate, 1 t 5-pentanediol diacrylate, diethylene glycol diacrylate and glycerol triaciylate. One or 
more monomers having one unsaturated bond In their molecules may also be used in combination with 
30 one or more monomers having two or more unsaturated bonds. 

If ultraviolet rays are used as the radiation, the preferred polymer is one which forms a continuous 
coating upon exposure to a UV lamp (80 W/cm) for a period of 0. 1 to 1 0 seconds. The resins mentioned 
before in connection with exposure to electron beams may also be used for UV exposure. They may also 
contain one or more monomers having at least one carbon-carbon unsaturated bond in the molecule 
35 and/or an organic solvent. T~ 

—A sensitizer may be used to achieve efficient curing-with ultravioIet rays.-Such,sensitizer„can.bB_ 

used In an amount of 0.1 to 1 0% by weight based on the weight of the polymer. Suitable sensitizers 
include benzoins such as benzoin and alkyl ethers thereof, preferably those having a weight average 
molecular weight of 1 00 to 1 ,000 as determined by the GPC method; acetophenones such as 
40 trichloroacetophenone; ketone-amine redox systems comprising a combination of a carbonyl 

compound, preferably one having a weight average molecular weight of 1 00 to 1 ,000 as determined by 
the GPC method, a nd a reducing agent, particularly a tertiary amine, preferably one having a weight 
average molecular weight of 100 to 1 ,000 as determined by the GPC method; and benzyl methyl ketal. 
The resins may further contain a stabilizer. Preferred monomers are the same as those descnbed In 
45 connection with curing with electron beams. 

Whether electron beams or ultraviolet rays are used, suitable orgnanic solvents Include ketones 
such as acetone, methyi ethyl ketone, methyl isobutyl ketone and cyclohexanone; esters such as methyl 
acetate, ethyl acetate, butyl acetate, ethyl lactate, and glycol acetate monomethyl ether; ether and 
glycol ethers such as glycol dimethyl ether, glycol monoethyl ether and dioxane; tars (aromatic 
50 hydrocarbons) such as benzene, toluene and xylene; and chlorinated hydrocarbons such as methylene 
chloride, ethylene chloride, carbon tetrachloride, chloroform, ethylene chlorohydnn and 

dichlorobenzene. , . , 

The coating of the polymer described above can be formed on the thin magnetic metal film or on 
the surface of the non-magnetic base opposite the thin magnetic metal film by air doctor coating, blade 
55 coating, air knife coating, squeeze coating. Impregnate coating, reverse roll coating, transfer roll coating, 
gravure coating, kiss coating, cast coating, spray coating, spin coating etc. For details of these and other 
useful coating techniques, see "Coating Kogeku (Coating Engineering)", published by Asakura Shoten, 
March 20, 1971, pp. 253—277. The thickness of the polymer coating is preferably less than 0.5 (im, 
more preferably less than 1 .0 /xm. \ 
60 Suitable accelerators for electron beamexposure include a van de Graaff scanning accelerator a 
double scanning accelerator and a curtain beam accelerator; e curtain beam accelerator is preferred for 
its relatively low cost and high power output. The acceleration voltage Is generally in the range of from 
1 00 to 1 000 kilovolts, preferably from 1 00 to 300 kilovolts. The absorbed dose is generally from 0.5 to 
20 megarads, preferbary from 2 to 1 0 megarads. An acceleration voltage of less than 1 00 kilovolts does 
65 not achieve the desired energy transmission while an acceleration voltage higher than 1 000 kilovolts Is 
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not e~nom.cais.nce the efficiency of ene^ 

10 Incorporating * >"^ in '°'^ metai -I* 

magnetic metal film and cured with radiation. Sultan « .. , * , ol|s such as wh ale oil. 
aliphatic add amides, aliphatic acid ^"^^JJ^'S^^KiJioh as graphite; fine 
higher alcohols and fine particles of 

carbon atom), fluorocarbons and mixtures ^hereof. " "^^^rtlona (OPI) Nos. 

provldss the following advantages: «n„i«, nfe . 35 
~36 nyit-hWmairdynamic-and-sta^ 

e*ten£d^^^ 

40 (5) It has good *^^« n £^™£ft SSy reference to the following 

examp^T^^^^^^ 

comparative examples, all parts are by weight. 



50 Polymer coating solution I 

Urethane acrylate described in Example 1 0,7 part 

of U.S. Patent 4,092,1 73 

0.3 part 

Diethylene glycol dlacryiate 

200 parts 

Methyl ethyl ketone 



55 



, A , annptir \ of the material were then Irradiated with electron 

The Co film and the other ^^X^uS^e Awrbed dose was 3 megarads. ATuEBcaJit 
beams at an acceleration voltage of 2 ?™£^^ the polymer coating and the 

Sat^ 

1/2 inch wide which is referred to as Sample No. 1 . 
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Lubricant coating solution II 

Myristic acid 1 - 6 

Butyl stearate 0.4 part 

n-Hexane 400 parts 

5 EXAMPLE 2 _ x 5 
Following the procedure of Example 1 , a polymer coating solution V of the formulation gtvan 
below was applied onto the Co film and the PET base film In a dry thickness of 1 00A and dried at 30°C 
for 1 0 seconds to provide magnetic tape A'. 

Polymer coating solution V 

10 Urethane acrylate described in 10 

Example 1 of U.S. Patent 4,092, 17 3 0.7 part 

Diethyiene glycol diacrylate 0-3 part 

BenzGphenone/4,4'-bisdfethyl 

amiriobenzophenone 0.001 part 



1 5 Methyl ethyl ketone 



200 parts 1 5 



The Co film and the other side of the base opposite the Co film were exposed to a UV lamp 
(80 W/cm) for one second. A lubricant coating solution II of the same formulation as was used In 
Example 1 was applied onto both the polymer coating and the base in a dry weight of 10 mg/m 2 and 
dried at 50°C for 10 seconds. The dried film was slit into a video tape 1/2 inch wide which was referred 
20 to as Sample No. 2. 20 

COMPARATIVE EXAMPLE 1 

A video tape was prepared as in Example 1 except that the Co magnetic film was simply formed 
on a PET base by oblique deposition without a polymer coating or a lubricant layer. The tape was 
referred to as Sample C-1 . 



25 COMPARATIVE EXAMPLE 2 25 
A video tape was prepared as described in Example 1 except that polymer coating solution I was 
replaced by polymer coating solution III of the following formulation and that the resultfng polymer 
coating was not irradiated with electron beams. The tape was referred to as Sample C-2. 

Polymer coating solution III 

30 Vinyl chloride/vinylidene choride copolymer 30 

(copolymerization ratio in mols: 7/3 degree 

of polymerization: ca. 400) 1 -° P art 

Methyl ethyl ketone 200 parts 

COMPARATIVE EXAMPLE 3 . 
35 A video tape was prepared as described in Example 1 except that only lubricant coating solution II 35 

was applied to both the Co film and the base without exposure to electron beams. The tape was referred 
to as Sample C-3. 

The five samples were subjected to film durability {wear resistance) testing and measurement of 
dynamic friction coefficient. 

40 (1) Durability , 40 

Durability of a magnetic thin film was determined when pressing a magnetic tape against a 
magnetic head at a tension of 90 g/1/2 inch and reciprocating at 38 cm/sec. 500 times. The number of 
abrasions that were formed on the tape surface was counted visually. ^ 

(2) Measurement of dynamic friction coefficient 
45 The magnetic tape was reciprocated on a VHS video tape recorder {Maclord B8, Model NV-8800, 45 
from Matsushita Electric Industrial Co., Ltd.) one, 20 times, 1 00 times, and 500 times, and the change 
in the dynamic friction coefficient (u) was examined by the formula T/T 1 =e^ t wherein T, is the tape 
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tension at the supply side of the rotary cylinder and T 3 is the tape tension at the takeup side. The testing 
and measurement results are shown in Table 1 . t 

As for the surface of the base, measurement of only dynamic friction coefficient was conducted 
with respect to the base surface of each of the tapes of Examples 1 and 2 and that of the tape of 
5 Comparative Example 1 . The surfaces of the respective bases were referred to as Sample Nos. 3 and * 
and C-4. The results obtained are also shown in Table 1 . 

As the data show, the magnetic recording media of the thin metal film type according to the 
present invention have very good running properties and wear resistance. Furthermore, the 
improvement in these properties is retained for an extended period of time. For this reason, the medium 
1 0 is a product having high commercial value. 
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CLAi ?Aprocessofforming at leastone surface ^"^^SX^^' 
compos a thin magnetic met a. film on »^^^^S!SZ^ * radi ^ to 5 

foml ^"fflTo* 1 . wherein the polymer hav.ng an unsatu-ated bond has a 

9:1 ti^sk- * c,aim - where,n the ° o-ng solution contalns an orBan,c 1 5 

relative to the polymer. wherein the radiation is electron beams which are 

hereinbefore described in Example 1 or 2. 
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Nsw claims or amendments to claims filed on 22.3.82 

Superseded claims: None 3° 
New or amended claims:— Additional claim 12 

-pocessasxlatmed-in-eny-precedinQ-claim. 



" r e„» 1982 Published fay the Patent Office. 
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